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NATIONAL  ADVISORY C O M M I T E Z  FOR AEROMATlTICS 

A DROP TEST FOR THE EVALUATION OF THE IMPACT 

STRE3VGTE OF CERMI3TS 

By B. P i n k e l ,  G.. C .  Deutsch, and W. H. Katz 

INTRODUCTION 

I n  the development of h igh   tempera ture  materials of t h e  b r i t t l e  
ca tegory ,  the need t o  improve their Fmpact s t r e n g t h  for some applica- 
t i ons   has   b rough t  with it a demand f o r  a simple machine for   measur ing  
impac t   r e s i s t ance ,   bo th  a t  room and  e levated  temperatures ,   and pref- 
erably one i n  which co r rec t ions   such  as the t o s s  energy are n e g l i g i b l e .  
This  report describes such a machine  and  presents the r e s u l t s  of 6ome 
pre l iminary  tests on the e f f e c t  of temperature  on impact s t r e n g t h   o f  
several a l loys   and   cermets .  A comparison is a l s o  given  between the 
Fmpact resistance of notched  and  unnotched  specimens. 

Three types of specimens are bein$  used.  These are shown i n  figure 
1. Bars A and B have  been  used  in the i n i t i a l  NACA tests. B a r  C has 
been  suggested as a t e n t a t i v e   s t a n d a r d  st the Conference on the Impact 
Tes t ing  of Cermets, Alf red   Univers i ty ,   February  1954. 

The su r faces  of all bars are diamond  ground us ing  a 100 mesh r e s i n o f d  
bonded wheel so that the s c r a t c h e s  are in a l o n g i t u d i n a l   d i r e c t i o n .  

APPARATUS 

The appara tus  is Shawn schematically i n  figure 2 and a photograph 
of the s e t u p  is sham i n   f i g u r e  3. The appa ra tus   cons i s t s  of the 
f o l l a r i n g  : 

(a) Specimen support. The v i s e  is r i g i d l y  attached t o  a heavy table. 
The specimen is pos i t i oned  (with the small r ad ius   up  i f  the notched  speci-  
men is  u s e d )   i n  the v i s e  by means of a c u t - o u t   t r a n s i t e  plate having the 
stme t h i ckness  as .the specimen (see i n s e t   f i g .  2 ) .  A second t r a n s i t e  
plate, 1/4 i n c h   t h i c k ,  is l o c a t e d  below the s p e c b e n   t o   i n s u l a t e  it from 
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t h e   v i s e .  - A  nickel-plated  copper  (Lektromesh)  screen is placed on t o p  
of  the  specimen  and  the 1/8 i n c h   t h i c k   n i c k e l   s h e e t   e l e c t r o d e  is loca ted  
over   the   sc reen .  The purpose of t he   s c reen  is  t o  -rove electrical  
con tac t  . - .  - 

(b)  Temperature measurement  and c o n t r o l .  A thermocouple is spot 
welded on the  underside  (compression side) of t h e  specfmen  near  the Jaw 
of the   v i se   for   unnotched   spec imens  and i n  t h e   c e n t e r   o f   t h e  large r a d i u s  
notch   for   the   no tched  bar.  The temperature is i nd ica t ed  on a camrmel-cial 0 
potent iometer .  To heat t h e  bar the e l e c t r o d e  is swung i n t o   c o n t a c t  with 
t h e  free (unsupported)  end o f  t h e  tes t  speclmen. A smal l  (approx. rr) 

1/2 X 1/2 i n  .) p i e c e  of c o p p e r   e l e c t r i c a l   b r a i d  is placed.  between t h e  
e l ec t rode   and   t he  end  of  the  specimen t o  -rove electrical. con tac t .  
A 3 KVA low vo l t age  power 60urce p rov ides   t he   hea t ing   cu r ren t .  This 
u n i t  is control led  manual ly .  

I 4  
VI 

(e)  Impacting hammer. The Wwcthg_eer--r..jt. -$a ..used for   cermets  
is shown i n  figure 4 .  The weight"-of this hammer is 0.190 pound. When 
materials are being  evaluated  which  cannot be b roken   w i th   t h i s  hammer, 
tungsten  washers are placed on t he   shou lde r  of t h e  hammer. When t h i s  is 
done the  top  washer  i s  secured i n  p l ace   w i th  a set screw t o  avoid  any 
movement of the   washers   dur ing   the  f a l l  of t h e  m e r .  If a d d i t i o n a l  
weight is requ i r ed  an extension  can be screwed i n t o   t h e  hammer and 
addi t ional   washers   added.  The weight of t h e  hammer has been  Fncreased 
t o  as much as 1.80 pounds by the a d d i t i o n  of the extension m d  washers. 

( a )  H m e r  support .  The h8mmer is held by means of an electro- 
magnet  which  can be moved v e r t i c a l l y  on a s c a l e  372 inches high. The 
hammer f i t s  i n t o  a 1/16 inch  deep recess i n   t h e   c o r e   o f   t h e   e l e c t r o -  
magnet  and t h i s  serves t o   p o s i t i o n   t h e  hammer s o  t h a t  when it is dropped 
it strikes t h e  specimen 1/8 inch from t h e  f'ree end and a t  t h e   c e n t e r  of 
t h e  specimen  width. 

1 

EVALUATION PROCEDURE 

(a) The specwen is posi t ioned i n  t h e   v i s e  by mems of t h e   t r a n s i t e  
guide p l a t e s .  The v i s e  is closed "hand t i g h t . "  

(b) The e l e c t r o d e  is p r e s s e d   a g a i n s t   t h e  free end of t h e  specimen 
and t h e  speclmen i s  slowly heated t o  25O F over the eva lua t ion  temper- 
a t u r e  and  held for a few minutes to   a s su re   t empera tu re   equ i l ib r ium.  

(c )  The vise is r e t i g h t e n e d  with a torque wrench t o  20 inch-pounds. 

(d) The e l e c t r o d e  is withdrawn  and after the specimen  temperature has 
d e c r e a s e d   t o   t h e   d e s i r e d   e v a l u a t i o n  temperature t he  hammer is dropped. 

c 



NACA RM E54D13 3 

w w 
P 
0 

. 

(e) If f a i l u r e  has not   occur red ,  the specimen is  reheated  and the 
test  is repea ted   by   d ropping   the  m e r  frm a s l i g h t l y  greater height. 
This   procedure is repeated us ing   success ive ly   i nc reas ing  hefghts u n t i l  
f r a c t u r e   o c c u r s .  The steps are such as t o   y i e ld   an   i nc remen t   o f   ene rgy  
of about  0.1 inch-pounds . The  specimen is v i s u a l l y  examined  between 
hammer blows t o  detect  cracking,  and the s p e c d e n  is considered to have 
f a i l e d  i f  a crack is de tec t ed .  

( f )  The eva lua t ion   tempera tures   tha t   have   been   used  a r e  room %em- 
p e r a t u r e  , 12000, 1500°, and 1750° F. 

(g) The  average of 6 specimens a t  each temperature  is used as the 
Fmpact s t r e n g t h .  

(h)  The  impact  energy  which  breaks the specimen  and  the largest 
energy  which  did  not  break the specimen are recorded as the t e s t  r e s u l t s .  

Data for comparison purposes are shown i n  f i g u r e  5. These   da ta  
were obtained on t e s t  bars A and B (see f i g .  1) and each of the va lues  
l i s t e d  is an average of 6 tests. The i n d i v i d u a l   v a l u e s   g e n e r a l l y   d i d  
n o t   v a r y  from the average by more than &O .3 inch-pounds . 

Lewls F l igh t   Propuls ion   Labora tory  
National  Advisory  Committee  for  Aeronautics 

Cleveland,  Ohio, February 15, 1955 
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SPECIMENS USED FOR NACA DROP IMPACT TEST 
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BAR A 

NOTCHED  IMPACT TEST BAR USED IN INITIAL TESTS 

BAR B 

UNNOTCHED IMPACT TEST BAR USED IN INITIALTESTS 

BAR C 

TENTATIVE STANDARD IMPACT TEST BAR 
(SUGGESTED  AT  CERMET  IMPACT  CONFERENCE, 

ALFRED U., FEB. 1954) I T S z q  
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FIGURE 1 -1MPACT SPECIMENS 
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SCHEMATIC VIEW OF NACA DROP  IMPACT TEST 9 F 

FIGURE 2 

TABLE 

HERMOCOUPLE LEAD 
- SCHEMATIC VIEW OF NACA 
IMPACT DROP TEST 
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DROP IMPACT TEST SET-UP 
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FIGURE 3 - IMPACT DROP TEST SET-UP 
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0.628 

DRILL Q ( 0.3320) n u  

DEPTH 0.89 - 0.98 
C'SINK 90" TO 0138-0.40 DIA. 
TAP 3/8-24 NF-3  
DEPTH 0.56- 0.687 

0.50- 
D IA. 

0.010 

MAX. L o . 7 5 0  
0.753D1Aa 

FIGURE 4 - IMPACT DROP TEST HAMMER 
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MATER I AL I AVERAGE IMPACT STRENGTH. IIN.-LB) 
~~ ~~~~ ~~ 

ROOM  TEMPERATURE 

(BAR B ) (BAR A) (BAR B)  (BAR A) 

1 5 0 0 O  F I 2OOo F 
NOTCHED NOTCHED UNNOTCHED NOTCHED  UNNOTCHED 

K 1508 

K 1548 
3.70 4. IO 2. IO K 1528 

1 . 3 0  
I .60 I .60 

K 1628 3.30 6.30 I . 30 

2.43 I .93 FS- 9 

2.60 

I .34 I .45 1.29 FS- 27 
2.52 

5.20 2.80 5.50 2.30 5.20 2.30 

ALLOYS 

X-40  

NEW CAST N i  BASE ALLOY 
2.20 NEW CAST Co BASE ALLOY 

48.05 
2. IO 2. IO 

16.70 

NOTE:  THE  IMPACT  INCREMENTS  USED IN THESE TESTS WERE 0.1 IN.-LB.,  HENCE,  THE  HIGHEST 
IMPACT  ENERGY  SURVIVED IN EACH TEST WAS 0.1 IN.-LB. SMALLER  THAN  THE VALUES 
LISTED ABOVE. 
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FIGURE 5 - NACA DROP TEST IMPACT DATA 
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